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Abstrat
Fit;o) is a Mössbauer tting and analysis program written in Borland Delphi. It
has a omplete graphial user interfae that allows all ations to be arried out via
mouse liks or key shortut operations in a WYSIWYG fashion. The program does
not perform omplete transmission integrals, and will therefore not be suited for a
omplete analysis of all types of Mössbauer spetra and e.g. low temperature spe-
tra of ferrous siliates. Instead, the program is intended for appliation on omplex
spetra resulting from typial mineral samples, in whih many phases and dier-
ent rystallite sizes are often present at the same time. The program provides the
opportunity to t the spetra with Gaussian, Lorentzian, Split-Lorentzian, Pseudo-
Voigt, Pseudo-Lorentz and Pearson-VII line proles for individual omponents of
the spetra. This feature is partiularly useful when the sample ontains ompo-
nents, that are aeted by eets of either relaxation or interation among partiles.
Fitted spetra may be printed, ts saved, data les exported for graph reation in
other programs, and analysis tables and reports may be exported as plain text or
L
A
T
E
X les. With Fit;o) even an inexperiened user will soon be able to analyze and
t relatively omplex Mössbauer spetra of mineralogial samples quikly without
programming knowledge.
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1 Introdution
During work with analysis of Mössbauer spetra we found that existing anal-
ysis software pakages however ompetent (i.e. Mt [1℄, Reoil [2℄, MaFit [3℄,
MossWinn[4℄) ould not fulll our needs of being simple and yet very ex-
ible. For tting of spetra with many omponents, as is typial for samples
with omplex mineral assemblies, advaned programs are in many ases too
detailed to be really useful.
We therefore developed this program pakage whih attempts to mitigate these
issues, and thus provides a powerful tool for rapid tting of omplex Mössbauer
spetra.
The program has been downloaded around 100 times in several versions, and
an estimate of regular users is around 20. The program pakage has been used
in the preparation of several artiles or talks [5,6,7,8,9℄.
2 Program summary
Fit;o) is a program for tting and analyzing transmission and sattering ge-
ometry
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Fe Mössbauer spetra of metals, alloys and mixtures of ferri oxides,
oxyhydrates and siliates. The program an be expanded to handle other Möss-
bauer isotopes as well. It has a omplete graphial user interfae, whih allows
all ations to be performed via mouse liks or key shortuts. The program
aepts urrently both partiular plain text les (.exp-les, see [10,11℄ for a
denition) and omma-separated les e.g. ounts vs. veloity (veloity;ounts)
as data input. It is the intention to release the soure ode under an open li-
ense.
Mössbauer spetra an be tted using singlets, doublets and sextets (all with
a seletion of line proles of whih Lorentzian is default) and the t model
an be saved for later reloading for example for further renement of the t.
Fitted and untted spetra an be saved as reports and saved as both plain
text and in ustomizable L
A
T
E
Xformat, and spetra an be printed with a t
report.
The program ontains a preompiled list of Mössbauer data of many ommon
iron ompounds with an option for the user to edit or add new ompounds.
Calibration data for Mössbauer experimental setups an be extrated from
alibration spetra, and saved in separate alibration .al-les (see [10,11℄ for
a desription).
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The settings window ontains a wide range of ustomizable settings through
whih the user may ustomize the appearane and behavior of the program.
Bakwards ompatibility is ensured, as le formats are kept unhanged and
user-hanged les are not overwritten.
The web update option provides an easy and automated way to keep the
software updated with the latest program version.
The program does not perform omplete transmission integrals, and will there-
fore not be suited for a omplete analysis of all types of Mössbauer spetra.
Also the tting does not use the omplete spin-Hamiltonian (but approxima-
tions) so for example magneti (low-temperature) spetra of siliates annot
be analyzed by the programme.
Some of Fit;o)'s main features are:
• Mirosoft Windows 2000/XP ompatible.
• Easy to install, no external dependenies, and safe uninstallation/removal.
• Complete point-and-lik graphial user interfae.
• Easy saving and loading of t models.
• Most program parameters as ustomizable.
• Working with several spetra (MDI 1 ) at a time is possible.
• Created with objet-oriented programming.
3 Desription
3.1 Prerequisites
As noted in the introdution, exeution of Fit;o) requires an updated Mirosoft
Windows 2000, Mirosoft Windows XP operating system. A sreen resolution
of a least 1024x768 with a 16 bit olor depth is reommended.
3.2 Installation and exeution
The program is available at http://hjollum.om/jari/zzbug/fit/. After
installation and exeution the main options are:
• Open the seleted type spetrum by seleting an appropriate ion in File
menu.
1
Multi Doument Interfae
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• To open a le in text mode, use the Open text file option and to view
the appliation log, use the Open log option.
A more detailed desription of the program interfae an be found in the
manual [10℄ or the web site [11℄.
3.3 The layout of the graphial user interfae
After the rst exeution of the program the user is presented to the graphial
user interfae shown in gure 1. The main window of Fit;o) is divided into ve
areas (listed from top down), the menu bar, the tool bar, the work area, the
window panel and the status panel.
3.4 Fitting
Fig. 1. Opening a spetrum le.
When hoosing to open a spetrum for tting, the open spetrum form (gure
2) appears, in whih the spetrum to be loaded is hosen. After hoosing a
spetrum the t form (gure 3) is opened and the spetrum is loaded.
As tting omponents, it is possible to insert either simple (fundamental)
omponents (singlets, doublets, sextets), or to insert predened mineral om-
ponents.
Simple omponents are inserted by liking one of the spetrum ions in the
toolbar, and then marking, position, intensity and width of the omponents
on the graph. The parameter that the user is expeted to mark is indiated
at the ursor.
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Fig. 2. Choosing the spetrum to open.
Fig. 3. The t form with a loaded spetrum.
Predened (but editable) mineral omponents are inserted by liking the
ylinder ion in the toolbar, and hoosing the mineral. After hoosing, one
has to mark the intensity of the omponent on the graph using the mouse
ursor.
The tting algorithm is hosen in the Fit Controls ombobox in the lower
left orner of the form. The tting proess is started and aborted by using the
adjaent start and stop.
3.5 Calibration
Fitting omponents are inserted by liking the button in the toolbar with the
sextet ion (see gure 5). When the omponents have been inserted, either a
single tting run or a series of repetitive tting runs an be started, through
5
Fig. 4. The t form with an inserted omponent.
Fig. 5. The alibration form before inserting the alibration t omponents. The insert
button is marked.
Fig. 6. The alibration form after insertion of the alibration t omponents.
the start ions. The result an be saved and exported by liking the 'notepad'
ion.
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Fig. 7. The minerals administration window.
3.6 Minerals
The program ontains a list of ommon and well-known minerals (gure 7),
whih an be used for as starting point tting. The mineral data are from [12℄.
It is possible to edit the listed minerals and save these modiations, and to
enter new minerals. This an be done either through the New, Edit or Delete
options, or by editing the minerals le manually. The name and loation of
the minerals le is displayed in top of the window.
4 Projet planning
In the following we disuss the properties of the program as used for analysis
of a transmission/absorption spetrum. However, the disussion is ompletely
valid also for sattering/emission spetrosopy, sine there will be only few
details dierentiating these.
4.1 Line shapes
Ideally eah Mössbauer absorption line has a Lorentzian line shape, (see table
1). However, there are physial eets that might disrupt or distort the ideal
ase. For these ases other line shapes are neessary.
In pratie most absorbtion lines are Lorentzians, whih may be sligthly
smeared by a Gaussian due to for instane temperature utuations, leading
to the Voigt line shape. The Voigt line shape is a onvolution of a Lorentzian
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and a Gaussian and an be expressed as [13℄
LV oigt(v) =
∞∫
−∞
LGau(v
′)LLor(v − v′)dv′. (1)
However, this an not be solved analytially, and therefore several approxima-
tions to this prole exist. We have implemented three of these: Pseudo-Voigt,
Pseudo-Lorentz and Pearson-VII, whih are listed in table 1. Espeially the
Pearson-VII line shape is diult to implement, sine it involves the imple-
mentation of the Gamma funtion [14℄, whih was implemented using Stirlings
approximation [15℄
ΓStirling(z) ∼=
√
2pi
z
(
z
e
√
z sinh
1
z
+
1
810z6
)z
, (2)
whih is aurate to a least 5 digits for z>1.
−8 −6 −4 −2 0 2 4 6 8
4.8
5
5.2
5.4
5.6
5.8
6 x 10
5 Split−Lorentz line profile
x
y
Fig. 8. An example of a spetrum with Split-Lorentzian line proles. The outer slope
of an absorption line is dened as the slope farthest from the enter of the omponent.
This of ourse only applies to doublets and sextets.
The Split-Lorentzian (see gure 8) line shape is ommonly used for samples
in whih small-partile eets or interations distort the line shapes in suh a
way that the outer slope is steeper than the inner slope. The Split-Lorentzian
line shape is made up of the outer side using one Lorentzian line shape, and
the inner side using another shape. The amplitude and enter of the two line
shapes are kept equal, but the widths vary. The relationship between the
widths is usually ontrolled by dening a width parameter and an asymmetry
parameter. The asymmetry parameter is usually known as b.
When using the Split-Lorentzian line shape in doublets and sextet (see setion
4.2) the line shapes are mirrored with respet to the enter of the omponent,
and the left side of a line shape is idential to the right side of its mirrored
twin.
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The line shapes implemented for the Mössbauer analysis and the properties
of these are presented in table 1.
Name Formula Area Additional
parameters
Lorentzian LLor(v) = I0
(
1 +
(
2(v−v0)
W
)2)−1
ALor =
I0Wpi
2
-
Gaussian LGau(v) = I0 exp
(
−
(
2(v−v0)
W
)2)
AGau =
I0W
√
pi
2
-
Split-Lorentzian LS−L(v) =
{
LLor(W1) , v < v0
LLor(W2) , v ≥ v0
AS−L =
1
2
∑2
i=1
ALor(Wi)
b ≡
W1
W2
− 1
W1 ≥ W2
Pseudo-Voigt LPseu(v) = η · LLor + (1− η) · LGau APseu = η · ALor + (1− η) · AGau η ∈ [0; 1]
Pseudo-Lorentz LPLor(v) = I0
(
1 +
∣∣∣ 2(v−v0)W ∣∣∣2+α)−1 APLor = I0Wpi2 2sin( pi2+α )2+α α ∈ [0; 1.45]
α = 0 Lorentz
Pearson-VII LPV II (v) = I0
(
1 +
(
2(v−v0)
W
)2
1
m
)−m
APV II =
I0W
√
mpi
2
Γ(m− 1
2
)
Γ(m
m ≥ 1
m = 1 Lorentz
m→∞ Gauss
Table 1
Line shapes used for Mössbauer analysis. Reprodued from [16℄.
4.2 Fit omponents
The three fundamental Mössbauer tting omponents are the singlet, the dou-
blet and the sextet with 1, 2 and 6 absorption lines, respetively. All of these
omponents are haraterized by their isomer shift (IS).
The splitting of the doublet depend on the quadrupole interation, and is in
the doublet quadrupole splitting (QS).
The singlet, doublet and the sextet have furthermore the line shape a parame-
ter (b, η, α and m in table 1) in ommon. The Split-Lorentzian, Pseudo-Voigt,
Pseudo-Lorentz and Pearson-VII line shapes use this property.
The magneti Zeeman interation, the magneti hyperne eld (HF), is only
used in the sextet, and needs only to be implemented in the sextet. For sextets
this software - presently - an handle only spetra in whih the magneti
Zeeman interation is dominant, so that the quadrupole interation an be
treated as a small perturbation on the magneti interation. In the ase of the
sextet QS indiates the quadrupole shift in ontrast to the doublet quadrupole
split.
However, sine the properties HF, and QS, are the only properties whih do
not apply to all omponents, we have provided an interfae to them in all
omponents, but disabled them where they are not needed. As mentioned, we
9
do not use the omplete spin-Hamiltonian for alulations of the line positions
in the, but rather approximate expressions, whih however, have been quite
suient in most all ases.
The singlet onsists of a single line, and the position of the single line is the
same as the isomer shift. The expression for the singlet is given by
yi = L(vi − v0), (3)
where L is the line shape funtion providing the value of yi as a funtion of
vi, and v0 is the value of the isomer shift.
The doublet onsists of two lines, and the enters of the lines are plaed at a
distane of QS apart, around the isomer shift. The expression for the doublet
is given by
yi = L(vi − v0 − v0
2
) + L(vi − v0 + vQS
2
), (4)
where vQS is the value of the quadrupole splitting.
The sextet onsists of six lines, and the enters of the lines are plaed at
positions ditated by the isomer shift, quadrupole shift and hyperne eld.
The expression for the sextet is given by
yi =
6∑
i=1
L(vi − v0 + (−1)(1+δ2345)vQS
2
+ (−1)(1+δ456)kq,w · BHF ), (5)
where δmnkl is a delta funtion, whih is 1 when i has one of its values. kq,w
is a Mössbauer proportionality fator, omposed of several physial onstants.
The three values that apply are k1,6, k2,5, k3,4 for the paired lines. BHF is the
hyperne eld. The ki,j values are alulated from the general expression for
the sextet energy levels, whih is given by
Em = −gβnmB, (6)
where g is the Landé fator, βn is the nulear magneton, and m is the m-
quantum number. The energy splitting is alulated by
|∆E(i,j)| = |∆Ei|+ |∆Ej | = 2|∆Ei|, (7)
where (i, j) = (1, 6), (2, 5), (3, 4). Applied to the line pairs (1,6), (2,5), (3,4)
then energy splitting is alulated from
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|∆E(i,j)|=−2(βnB(ge3
2
− gg 1
2
)) = βnB · gij, (8)
where gg = 0.181208 and ge = −0.10355 are the g-fators for the ground state
and the exited state respetively, values from [12℄, and the gij fators,
g16=−2(ge3
2
− gg 1
2
) = 0.491858, (9)
g25=−2(ge1
2
− gg 1
2
) = 0.284758, (10)
g34=−2(ge−1
2
− gg 1
2
) = 0.077658, (11)
(12)
are g-fators extrated from the g-fator for the exited and ground state
and E0 is the transition energy from I =
3
2
to I = 1
2
for
57
Fe Mössbauer
spetrosopy.
The atual alulation being performed is
vHF = gijβnBHF · c
2E0
, (13)
using unit onversion this beomes
vHF = gijBHF
βn · c · k
2E0e
(14)
= gijBHF
5.0505 · 10−27 J/T · 3.0 · 1011mm/s
2 · 14.41 keV · 1.6022 · 10−19J/eV (15)
= gijBHF · 0.32794mm/sT, (16)
where e is the elementary harge. Now the kq,w's an be alulated as
k1,6=1.61299 · 10−1mm/sT, (17)
k2,5=9.33835 · 10−2mm/sT, (18)
k3,4=2.54672 · 10−2mm/sT. (19)
4.3 Fitting spetra
The program will analyze Mössbauer spetra by tting a model set by the
user, and it will report the result of the t.
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Before any analysis an ommene, a bakground level has to be established/alulated.
The bakground level is alulated as the mean of the value of the outermost
8 hannels on eah side of the spetrum. Transmission spetra ontain absorp-
tion lines, whih have fewer ounts than the bakground level. The expression
for omponents provided above has to be subtrated from the bakground to
produe a model data series.
The program an also be used for analysis of reetion spetra. Reetion spe-
tra also ontain a bakground level, to whih the reetion lines are added. To
produe a tting model, the tting omponents are added to the bakground
level.
4.4 Calibration spetra
The program derives the alibration parameters of the spetrometer from au-
tomati analysis of alibration spetra. The found alibration parameters are
then used in the analysis of spetra obtained under irumstanes idential
to those of the alibration spetrum. In this program version (1.0.0.63) only
alibration of linear veloity proles are implemented. We are well aware that
sinusoidal veloity proles are ommon in the Mössbauer ommunity, and a
later version may be adapted for spetra obtained in the mode.
Contrary to a normal spetrum for Mössbauer analysis, a alibration spetrum
is analyzed unfolded with the hannel numbers used as referene.
The alibration spetrum usually onsists of the spetrum of a thin iron (α-Fe)
foil (12.5µm) at 295K. But other alibration materials an also be used, suh
as stainless steel and other well haraterized iron ompounds.
The unfolded alibration spetrum onsists of a bakground level, and 12
absorption lines on the bakground level gure 5. The alibration is used
for nding 3 unknown parameters of the experimental setup, and to provide
information on any imperfetions of the soure/drive system i.e. inreased line
widths, nonlinearity et. The three unknown parameters are listed below:
The folding hannel is the hannel (integer) around whih the data han-
nels are folded. Operationally (for histori reasons and bakwards ompati-
bility) it is dened as the hannel number, whih is added to hannel number
1, e.g. it is the double of the atual folding hannel. In a 512 hannel setup,
it has typially a value of 510-514. It is found by alulating the mean of
positions of the lines (1,12), (2,11), et.
The zero veloity hannel is dened as the detetor hannel position (de-
imal, 5 digits), of the symmetry enter of the 295K spetrum of a thin foil
of α-Fe. It is found in eah of the spetrum halves separately. It is found
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by loating the mean enter of the lines (1,6), (2,5) and (3,4) pairwise, and
orrespondingly for the seond half of the spetrum, and then nding the
ommon enter.
The alibration onstant is the link between the hannel number and the
soure veloity. It is found as the mean value of the known hyperne eld
of the absorber material (BHF = 33.02T for α-Fe at 295K) divided by the
distanes between the transition pairs, (i, j) = (1, 6), (2, 5), (3, 4), and saled
by the Mössbauer onstants (17). The exat formula is
ccal =
1
6
∑ gijβnBHF
E0 · c
(
1
Pj − Pi +
1
Pj+6 − Pi+6
)
, (20)
where Pi is the hannel position of the i 'th absorption line.
The bakground line has a shape that is dependent on the mode of operation
of the spetrometer (e.g. frequeny and veloity range) and geometry of the
experimental setup. The radioative soure is plaed inside a ollimator, and
sine the soure is osillating with near onstant aeleration, the solid angle
seen by the soure will vary as a funtion of position. The radiation deteted
is proportional to the angular area. The baseline shape is approx. that of two
parabolas in suession with positive and negative a values:
A=+a · (v − cM)2 − b(v − cM) + c, 1 ≤ v ≤ cM , (21)
A=−a · (v − cM)2 − b(v − cM) + c, cM ≤ v ≤ N, (22)
where A is the angular area, cM is the mirror hannel, v is the hannel number,
N is the number of hannels, and a, b and c are the parabola parameters.
Besides the above alulations, the alibration is able to nd the 12 absorption
lines (
57
Fe), and t these and the baseline to nd the alibration onstants.
As the equipments available during the development only used a linear veloity
drives, only this ase has been implemented in the program, but this is easily
expanded, when the apparatus data are available.
5 The program struture
The program is built entirely on objet oriented tehnology (OOT). There are
several advantages in using OOT:
• Inheritane makes it easy to reate a hild lass, whih inherits most of
its properties and methods from its anestor, but introdues some new, or
hanges the internal behavior in some areas.
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• Isolation makes it easy to orret errors or undesirable behavior, without
aeting other parts of the program, thereby minimizing program errors.
Furthermore it makes it easy to extend funtionality.
There are also disadvantages in hoosing OOT:
• Proessing speed will in most ases be lower than that of a proedural pro-
gram sine the overhead will be larger, and the amounts of data manipulated
in most ases will be larger.
• The implementation proess will take longer and the soure ode will be
larger, sine similar behavior may have to be implemented several times in
order to avoid ode shared between lasses.
The program was implemented using Borland Delphi 5, 6 and 7, and should
be exeuted on a PC running Mirosoft Windows 2000 or Mirosoft Windows
XP. During implementation the built-in lasses of Delphi have been used as
programming base. For inreased exibility the program is designed to be a
multiple doument interfae (MDI) program, meaning that it would be possi-
ble to work with several 'douments' (spetra) simultaneously.
5.1 The tting form
The Mössbauer tting form is implemented as the lass TdfmFitForm (see
gure 9). It is the graphi user interfae, through whih the user makes input to
and reeives output from the spetrum analysis. It ontains two very important
lasses TGraph and TFitGraph.
After the FitForm has been reated and initialized, it loads a data-le (whih
the user has hosen), and alulates the Mössbauer spetrum bakground level.
The spetrum is folded during loading.
Whenever a hange has been made to one of the tting omponents, or a new
tting omponent has been inserted, several alulations have to be performed:
• The sum data, SumData, whih ontains the sum of the tting omponents
is alulated as
Si =
Ntet′s∑
j=1
Tj,i, (23)
where Si is the sum at the i'th point, Tj,i is the value of the j'th t omponent
(singlet, doublet, sextet), at the i'th point.
• The rest data, RestData, whih ontains the dierene between the spe-
trum data and the sum is alulated as
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TdfmCustomTetBaseForm
TData
TData
BaselineData
SumData
PlotSumData
RestData
PlotRestData
RawData
TdfmFitForm TFitGraph
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TFitSinglet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 SingletForm
TFitBaseLine
TPseudoVoigt
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TPearsonVII
Fig. 9. The logial/workow diagram of the TdfmFitForm lass, used for tting Möss-
bauer spetra. The upper part is the logial/workow diagram, and the symbol expla-
nations are shown in the lower part.
Ri=Di − (Bi − Si) = Di −Mi for transmission spectra, (24)
Ri=Di − (Bi + Si) = Di −Mi for scattering spectra, (25)
where Ri is the rest at the i'th point,Di is the i'th data point of the spetrum
data, Bi is the i'th point in the baseline and Mi is the model data at the
i'th point.
• The χ2, ChiSqr, and χ˜2 whih are indiators for dierene between the
model and the data, and used for tting, is alulated. The mist is also
given as an output parameter. It an be summarized mathematially to
χ2 =
1
nvalid
nvalid∑
i=1
R2i
Di
=
1
nvalid
nvalid∑
i=1
(Di −Mi)2
E2i
, (26)
sine Ei =
√
Di and nvalid is the number of valid hannels in the spetrum.
Furthermore we alulate the redued hi-squared χ˜2 by
χ˜2 =
1
nvalid − nfree
nvalid∑
i=1
R2i
Di
, (27)
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where nfree is the number of free t parameters. As a goodness of t pa-
rameter we use the mist m [17℄ dened by
m =
n(χ2 − 1)∑nvalid
i=1
(Bi−Di)2
Di
. (28)
Two tting algorithms, random walk [16℄ and amoebe [18℄, have been imple-
mented in the tting form. First we will go through the random walk algo-
rithm.
Start
Initialize
step=1
ChiSqrBest:=ChiSqr
i:=1
KeepFit Save initial settings.
j:=1
CalcValues
Outer loop variable
Inner loop variable
RandomFit(step)
If BreakFit
If (ChiSqr/ChiSqrBest)<0.999
ChiSqrBest:=ChiSqr
if j>=inner
step:=step/2 AbortFit
True
False
if i>=outer
StopFit
End
True
True
True
False
False
False
Generate random fit parameters
Calculate values
User termination
Evaluate parameters
KeepRandomFit Saves the parameters ofthe best fit
Fig. 10. A graphial illustration of the RandomFit tting algorithm. The steps marked
with otagonal boxes indiate that this step iterates through all TFitTet's in the t.
The randomwalk algorithm is a variant of the "simulated annealing"-algorithm
used in many areas of physis. It diers however, in that the tunneling possi-
bility has been eliminated. The RandomFit algorithm is presented graphially
in gure 10. The algorithm is based on two loops, the outer and the inner.
The ore of the algorithm is thus run
N = nouter · ninner (29)
times. The algorithm starts with setting the variable step to 1. Eah time the
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outer loop is traversed one, step is set to one half of its previous value. The
philosophy is to nd the hitherto best t for eah time the outer loop has been
traversed, and thereafter to narrow the interval in whih the parameters are
allowed to vary, before traversing to the outer loop again.
The algorithm is based on the assumption that the best t after ninner guesses,
lies in the viinity of the best t. The tting parameters all have an interval
to whih they are restrited during tting. Using the result of the sum
∞∑
i=0
2−i = 2, (30)
this an be maintained/fullled. If ∆ is the tting variation interval of a tting
parameter, the following formula
nouter−1∑
i=0
∆ · 2−i < 2 ·∆ (31)
provides a way to implement our version of the random walk algorithmwithout
violating the restritions:
nouter−1∑
i=0
1/2 ·∆ · 2−i < 1/2 · 2 ·∆ = ∆. (32)
Before the rst traversation of the inner loop, the variation intervals are there-
fore set to half of the original, orresponding to the formula above. This guar-
antees that the t parameters are kept within the allowed t interval.
The amoebe algorithm [18℄ works in many areas muh like the random-walk
algorithm. It has an outer loop, whih repeats nouter times, or until the im-
provements are no longer signiant. The inner loop basially works same way
as in random walk.
Besides the evaluation of the improvements mentioned, the dierene between
the random walk and amoebe is that after the best t has been found using
the inner loop, some preprogrammed variations of the best t are tried. For
all paramters the following is tried individually: Try to the t parameter value
in the opposite diretion, with the same amount. If this gives a better t,
it tries to shift the parameter value a step further in the same diretion, to
see if it should give an even better t. This tests if the point of origin was a
loal maximum, and if the t has found the worst loal minimum. If so, the
algorithms tries if a further step in the same diretion gives a better t.
If the opposite step did not yield a better result, the algorithm tests to see if
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3. TryWorst(0.5)
1. TryWorst(-1)
2. TryWorst(-2)
ChiSqr landscape
Ch
iS
qr

Arb. fit parameter
Fig. 11. A graphial illustration of the preprogrammed steps in the amoebe tting
algorithm.
it has stepped too far to nd the urrently best t, and tries to see if there
is a better point halfway between the origin and the urrently best t. If all
of these attempt do not result in a better t the step variable is divided by
2, and the ontent of the outer loop is traversed again. If a better t is found
step is not hanged. The preprogrammed steps are illustrated in gure 11.
The outer loop will terminate when it has been traversed 20 times, terminated
by the user or when the rtol variable is larger than the ftol. ftol is a
measure of the minimum relative improvement required, for improvements to
be onsidered signiant. rtol is a measure of the improvement of the best
t ompared to the worst t in the urrent traversation of outer loop. rtol is
alulated from:
rtol = 2
|χ2worst − χ2best|
|χ2worst|+ |χ2best|
. (33)
The soure ode is presented graphially in gure 12.
5.2 The alibration form
The Mössbauer alibration form is the graphi user interfae, through whih
the user makes input to and reeives output from the alibration proess.
Generally it resembles the tting form in many points, and the desription
of ommon features will not be repeated. The data les are, however, loaded
unfolded.
Whenever a hange has been made to one of the tting parameters, the same
alulations as in the tting form have to be performed. SumData, PlotSumData,
RestData and PlotRestData, are alulated in the same way. The only dier-
ene with regards to the tting form is the variable baseline in the alibrations
form, whih has to be taken into aount.
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Start
Initialize
iter:=0
KeepFit
ChiSqrNWorst:=ChiSqrBest
ChiSqrWorst:=ChiSqrBest
CalcValues(step)
AmoebeFit
if ChiSqr<ChiSqrBest KeepFit
if ChiSqr>ChiSqrWorst
if ChiSqr>ChiSqrNWorst
KeepWorstFit
KeepNWorstFit
False
False
TryWorstFit(-1)
if ChiSqr<ChiSqrBest KeepBestFit
TryWorstFit(-2)
True
True
True
True
False
TryWorstFit(0.5)
step:=step/2
if ChiSqr<ChiSqrBest
KeepBestFit
True
if n>=inner
n:=1
False
if rtol<ftol
True
done:=trueTrue
False
if ChiSqr<ChiSqrBest
KeepBestFit
if ChiSqr>ChiSqrNWorst
False
True
False
True
ApplyBestFit
False
If BreakFit
End
iter:=iter+1
if (not done)and(iter<=itmax)
False
True
True
False
False
Fig. 12. A graphial illustration of the AmoebeFit tting algorithm. The steps marked
with otagonal boxes indiate that this step iterates through all TFitTet's in the t.
Before the alibration proess an ommene, the tting omponents have to
be inserted, and the baseline parameters dened. The baseline is initially xed,
but is allowed to vary during the alibration. The 12 omponents are inserted
at the 12 loal extrema with the largest 'magnitude'.
The loal minima are found by traversing through the data points of the data,
and for eah data point it heks whether the urrent point is a loal extremum
by omparing it to its neighboring points. If the point is a loal extremum the
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Fig. 13. The logial/workow diagram of the TdfmCalForm lass, used for tting
Mössbauer spetra. The upper part is the logial/workow diagram, and the symbol
explanations are shown in the lower part.
magnitude is alulated as
Mpivot =
yi+2 + yi+1 + yi−1 + yi−2
4
− yi, (34)
where yi is the i'th point. After nding the all loal extrema, the list of extrema
is sorted, so the loal extrema with the largest magnitude are plaed rst in
the list, and the predened number of largest loal extrema are returned, and
used for inserting the tting omponents.
The random walk in the alibration form is very similar to that of the tting
form. The only dierene lies in that the inner loop ts the omponents pa-
rameters when the inner loop ounter j is even and the baseline parameters
when it is odd. This is done sine experiments during programming shows that
this improves the intelligene and speed of the alibration proedure.
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6 Conlusion
We have presented the funtionality and the basi priniples behind the Fit;o)
program. We believe that by the program we have made available a valuable
tool for general simple Mössbauer analysis of omplex samples.
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8 Additional information
The program is available from the Fit;o) homepage at [11℄. There is a forum
setion, a FAQ, as well as a short manual available.
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A Examples
There are a few .exp-les inluded in the installation pakage. These are test
spetra, whih an be used for pratiing. A desription of the ontents of the
les is given below:
• A10000.exp, A10000el.exp, A10000er.exp are simulated/generated test-
ing spetra. They ontain a perfet α-Fe sextet on both, right and left side
respetively.
• A10001.exp is a spetrum of soil from Salten Skov, Århus, Denmark.
• A10002.exp is an α-Fe transmission alibration spetrum from a Fe foil.
• B10001.exp is an α-Fe sattering alibration spetrum from a Fe foil.
• B10105A.exp B10001.exp is an α-Fe sattering alibration spetrum from
a 25µ Fe foil, with an perpendiularly applied magneti eld.
• B10106a.exp is an α-Fe sattering alibration spetrum from a 25µ Fe foil.
• HA668.exp, HA679.exp, HA869.exp, HA900.exp, HB300.exp, HB506.exp,
HB522.exp and HE0195.exp are real spetra of various samples, both natu-
ral and synthesized.
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